A model calculation is presented which predicts the complex nuclide distribution resulting from peripheral relativistic heavy-ion collisions involving ssile nuclei. The model is based on a modern version of the abrasion-ablation model which describes the formation of excited prefragments due to the nuclear collisions and their consecutive decay. The competition between the evaporation of di erent light particles and ssion is computed with an evaporation code which takes dissipative e ects and the emission of intermediate-mass fragments into account. The nuclide distribution resulting from ssion processes is treated by a semiempirical description which includes the excitation-energy dependent in uence of nuclear shell e ects and pairing correlations. The calculations of collisions between 238 U and di erent reaction partners reveal that a h uge number of isotopes of all elements up to uranium is produced. The complex nuclide distribution shows the characteristics of fragmentation, mass-asymmetric low-energy ssion and masssymmetric high-energy ssion. The yields of the di erent c o m p onents for di erent reaction partners are studied. Consequences for technical applications are discussed.
A model calculation is presented which predicts the complex nuclide distribution resulting from peripheral relativistic heavy-ion collisions involving ssile nuclei. The model is based on a modern version of the abrasion-ablation model which describes the formation of excited prefragments due to the nuclear collisions and their consecutive decay. The competition between the evaporation of di erent light particles and ssion is computed with an evaporation code which takes dissipative e ects and the emission of intermediate-mass fragments into account. The nuclide distribution resulting from ssion processes is treated by a semiempirical description which includes the excitation-energy dependent in uence of nuclear shell e ects and pairing correlations. The calculations of collisions between 238 U and di erent reaction partners reveal that a h uge number of isotopes of all elements up to uranium is produced. The complex nuclide distribution shows the characteristics of fragmentation, mass-asymmetric low-energy ssion and masssymmetric high-energy ssion. The yields of the di erent c o m p onents for di erent reaction partners are studied. Consequences for technical applications are discussed. 1 Introduction Nuclide distributions after peripheral relativistic heavy-ion collisions have been studied for a long time, and it has been shown that the investigation of projectile fragmentation allows a complete identi cation of all fragments produced in the reaction (see e. g. 1,2]). Recently, h e a vier projectiles became available, and the investigations have been extended to the fragmentation of krypton 3,4], xenon 5, 6] and gold 7] . Also radioactive beams with mass numbers around 60 have been applied 8, 9] . These results have been compared to calculations in terms of the abrasion model 10{13] and of the intra-nuclearcascade model 5, 14] . In addition, they served to improve empirical systematics of fragmentation yields 15] .
While all these measured nuclide distributions could be understood on a common basis involving the nuclear-collision process and the consecutive e v aporation cascade, a direct comparison of the near-projectile fragment y i e l d s o f 208 Pb and 238 U 16] clearly demonstrated the decisive in uence of ssion on the fragmentation process. On the other hand, the total ssion cross section 17{19] as well as isotopic distributions of ssion products 20] after relativistic nuclear collisions between 238 U and di erent reaction partners have b e e n d etermined. Moreover, nuclear-charge distributions have been measured, using short-lived radioactive ssile projectiles 21, 22] . These data revealed that also for very ssile nuclei most prefragments formed in the nuclear collision do not end up in ssion but cool down by a n e v aporation cascade. This nding is in contrast to naive expectations since almost all prefragments are formed with excitation energies exceeding the ssion threshold considerably. In a preceding paper, the in uence of nuclear dissipation on the ssion process according to the ideas of Kramers 23] and Grang e et al. 24] is quantitatively discussed 25] and shown to be responsible for a considerable suppression of the ssion cross section after high-energetic nuclear collisions. In another study, t h e ssion competition in excited spherical nuclei around neutron number 126 under the in uence of shell e ects and collective contributions to the level density has been determined 26] . With all these experimental data one has obtained a rather good information of the ssion probabilities after fragmentation reactions.
The nuclide production yields of peripheral relativistic nuclear collisions are of considerable technical importance in several aspects. One application is the production of mass-separated radioactive n uclides in on-line mass separators 27] by b o m barding heavy target materials with intense nuclear beams. These nuclides may also serve for the production of secondary beams by post acceleration 28{35]. In a similar application, however in inverse kinematics, a beam of about 1 A GeV 238 U has been used to produce mono-isotopic high-energetic secondary beams of projectile fragments and ssion products at the fragment separator FRS at GSI 36, 37] .
Another eld of interest which is presently discussed is the technical application of nuclear-collision processes for the energy production and the transmutation of nuclear waste in hybrid reactors 38, 39] which w ork as a ssion reactor where an additional high-energetic proton or ion beam serves to increase the neutron ux in the reactor in a controlled way. The desired neutron production is e ected by a cascade of nuclear-collision processes in the region where the accelerated beam is fed into the reactor. However, in these collisions quite a number of nuclear species is produced. The recoil induced in the reaction as well as the expansion of gaseous products may damage the target material. Also the neutron-capture cross sections and the speci c radioactive decay properties of the reaction products might be important for the operation of the reactor.
2 The Model
The Abrasion Model
The initial stage of the nucleus-nucleus collision is considered as an abrasion process 10, 11, 40] in which the projectile is schematically divided into the overlapping \participant" and the non-overlapping \spectator" zone. Nucleons of the projectile and the target strongly interact in the overlapping zone while nucleons in the non-overlapping zone continue to move almost undisturbed with velocities close to the velocities of the projectile and the target, respectively. The mass of the spectators or prefragments is a function of the impact parameter. Their mean excitation energy of about 27 MeV per abraded particle is given by hole excitations and interactions with the hot participant zone 7, 12] . Their neutron-to-proton ratio is subject to statistical uctuations 8, 12] .
At larger impact parameters without nuclear contact, electromagnetic excitations are considered in accordance with the relations given in 41, 42] . They are dominated by the isovector electric giant dipole resonance and lead to excitation energies close to the ssion barrier.
The Evaporation Model
The second stage of the fragmentation reaction is treated in the framework of the statistical model. The emission probability of the particle j from the fragment with neutron number N, proton number Z and excitation energy E is determined by:
with j corresponding to the emitted particle and k denoting all possible decay channels.
Since the fragmentation process at relativistic energies is expected to populate low angular momenta 43] only, the particle emission width ; j can be approximated as 44]:
where m j is the particle mass, S j the separation energy, B j the e ective Coulomb barrier in the case of charged particles 12]. c and j are the level densities of the compound nucleus and the exit channel, respectively. R is the radius of the nucleus and T j the temperature of the residual nucleus after particle emission. The level densities were calculated by taking into account t h e in uence of shell and pairing e ects as described in ref. 25] . The contribution of collective excitations to the level densities are considered, too. This topic is discussed in detail in a separate publication 26].
Since the model is intended to give predictions also for the production of lighter residues, the emission of intermediate-mass fragments (IMF) 3 Z 20 is included in a simpli ed form as a sequential emission in the statistical model. In contrast to neutron and light c harged particles (Z 2) emission, the excitation of the IMFs is included, and thus the emission widths ; j are calculated in the same way as for the light-particle emission, but the nal level density j is calculated over the whole phase space of the nal products as the convolution of the level densities of the residual nucleus and the emitted fragment b y using the following expression:
where the indices 1 and 2 refer to the residual nucleus and the emitted fragment, respectively.
The consecutive deexcitation of IMFs is included until the excitation energy of each residue falls below the lowest particle threshold. 
where f is the level density of transition states in the ssioning nucleus in the saddle-point con guration. B f is the height of the ssion barrier and T f the corresponding nuclear temperature.
The in uence of nuclear viscosity on the ssion width is included as deduced from experimental data 25], using the reduced friction coe cient with the value = 1 10 21 s ;1 . The reduction of the ssion width due to nuclear viscosity was applied according to the description given in ref. 25].
A Semiempirical Model of the Fission-Fragment Properties
The ssion decay c hannel, especially at low excitation energy, i s a v ery complicated process which is far from being fully understood. The in uence of nuclear structure on the ssion process manifests itself most evidently in the observed mass distributions. A large body of experimental information has been accumulated on mass distributions of many ssioning systems at low excitation energies where the in uence of nuclear structure is strong. There exist rather elaborate models for the description of nuclear ssion (e.g. 46{50]) which are able to reproduce measured ssion-fragment isotopic distributions in speci c cases with considerable success. However, these calculations are complex and very time consuming, and the predictive p o wer for regions where no experimental data exist is not known. Some models even use parameters which are individually adjusted to the experimental distributions of each system. Therefore, we decided to develop a semiempirical description of the nuclide distributions produced in the ssion process. The semiempirical description of the ssion process presented in the following has some similarities with previously published approaches, e.g. ref. 51, 52] . However, in contrast to those we intend to describe the ssion properties of a large numb e r o f s s i o n i n g n uclei in a wide range of excitation energies.
On the one hand, it was tried to follow some basic ideas of existing theoretical models in order to assure a certain predictive p o wer. On the other hand, special weight w as attributed to reproduce global trends of the large body of experimental information. The model should be able to predict the magni-tudes and widths of mass-symmetric and mass-asymmetric components, the even-odd uctuations and the neutron-to-proton ratio of the ssion-fragment distributions as a function of nuclear charge, mass and excitation energy of the ssioning nucleus in a global way. S i n c e 238 U w as chosen as a reaction partner in the model calculations presented below, special care was taken that the model well reproduces the low-energy ssion yields of nuclei in the vicinity of 238 U.
First, we w ould like t o g i v e a s h o r t o verview on the actual understanding of nuclear ssion for orientation. The yields of the ssion fragments are determined by the dynamic evolution of the system from the saddle to the scission point, see e. g. 50]. Since a full calculation of the dynamic path is not available, some simpli ed guidelines have been proposed. Scission-point models ( 46, 53] ) describe the properties of ssion fragments by the properties of the scission-point con guration, based on the assumption of a total or partial thermal equilibrium of the degrees of freedom at the scission point. In the concept of ssion channels, however, a decisive in uence of the potential-energy landscape between saddle and scission is assumed. Separate components in the yields and in the total kinetic energies of the ssion fragments, called ssion channels, are identi ed with ssion paths along valleys in the potential energy of the highly deformed ssioning system in the direction of elongation 49, 50] . The strongest channels showing up in the ssion of most actinides are two massasymmetric ones producing fragments around the neutron numbers 82 and 88, and a mass-symmetric one. Calculations of the potential-energy landscape within the shell correction method, predict two minima in the potential energy at the ssion barrier as a function of mass asymmetry, one leading to symmetric ssion and a second one leading to asymmetric ssion 50]. Slightly beyond the ssion barrier, the asymmetric ssion valley is predicted to bifurcate into two v alleys, one leading to ssion fragments with neutron number around N = 82 and one leading to fragments with neutron numbers around N = 8 8 .
Clear evidence has been obtained for the existence of di erent thresholds for symmetric and asymmetric ssion components 54{56], thus demonstrating the in uence of the properties of the saddle-point con guration on the ssionfragment distributions. Even the competition of di erent ssion components as a function of the excitation energy has successfully been explained by t h e temperature dependence of shell e ects in the statistical weight of transition states at the ssion barrier 56, 57] . This seems to indicate, that the population of the ssion valleys is determined rather early, long before reaching the scission con guration.
In the approach f o r m ulated by Brosa et al. 50] , the weights of the di erent channels are treated as free parameters to be determined by experiment. The valleys in the potential-energy surface down to the scission con guration are extracted from shell correction calculations. They determine the positions of the channels in mass number. Finally, at the scission con guration, uctua-tions in the mass split are induced by the random-neck rupture.
As an essential step in comparison to this approach, we d e v eloped a description of the population probability of the di erent s s i o n v alleys. This was necessary to predict ssion-fragment distributions for nuclei which h a ve n o t yet been investigated. The potential-energy surface is treated in a simplied, semiempirical way replacing a shell correction calculation. Fluctuations in the mass-asymmetry degree of freedom on the way from barrier to scission are taken into account empirically in the nal widths of the mass distributions. This empirical description replaces the random-neck-rupture approach of Brosa et al. or possible in uence of dynamics e ects at the descent stage.
The population of the ssion channels is assumed to be basically determined by the statistical weight of transition states above the potential-energy landscape near the ssion barrier. As an approximation, the shape of the potential energy at the barrier as a function of mass-asymmetry was modeled in a way t o reproduce the measured characteristics of ssion-fragment distributions. As just mentioned, this simpli cation does not completely coincide with present theoretical calculations of the deformation potential energy landscapes 49, 50] , but it enables an easy way f o r a q u a n titative computation.
In the following we assume that the mass-asymmetric degree of freedom at the ssion barrier is on average uniquely related to the neutron number N of the ssion fragments. The numbers of protons and neutrons are considered to be strictly correlated (the small uctuation in the charge density will be introduced later). Thus, we will express the mass-asymmetric deformation at the ssion barrier by the corresponding number of neutrons N in one of the preformed fragments.
For a given excitation energy E, the yield Y (E N) of ssion fragments with neutron number N is calculated by the statistical weight of transition states above the conditional potential barrier:
where V (N) is the height of the conditional potential barrier for a given massasymmetric deformation, N is the level density for an energy U above t h i s potential and N CN is the neutron number of the ssioning nucleus. 
Note that the potential energy is symmetric around N CN =2.
The macroscopic part of the potential energy at the ssion barrier as a function of the mass-asymmetry degree of freedom has been taken from experiment 5 8 ] .
It has been deduced from the widths of measured mass distributions at higher excitation energies. The macroscopic potential energy (V mac ) at the ssion barrier is formulated as:
where the curvature (2 C mac ) of the parabola was obtained by tting the data points given in ref. 58 ] to the expression: Figure 1 demonstrates the potential energy at the ssion barrier for two n uclei, 208 Pb and 238 U. From these example we might conclude a general tendency, the absolute depth of the potential at the di erent shells which determines the yields is in uenced rather strongly by the magnitude of the macroscopic part of the potential: shells which appear near symmetry are supported, others are weakened by the macroscopic potential. This explains a systematic trend in the appearance of di erent ssion channels as a function of the neutron number and proton number of the ssioning nucleus.
In order to simplify the calculations we can approximate the shell-correction Gaussians in the vicinity of their respective minima by parabolic functions with curvatures 2 C sh,1 and 2 C sh,2 . These curvature values were deduced from the widths of the standard I and the standard II components in the measured mass distribution of 213 At s s i o n f r a g m e n ts 59]. In the case of this rather light n ucleus one expects that ssion barrier and scission point almost coincide, so that the presently proposed ssion model should reproduce the ssion-fragment mass distribution without considering any broadening on the way from the ssion barrier to scission (see below). The parameters of the two parabolas which best describe the experimental yields are listed in table 1. Table 1 Parameters for shell structures which best describe the experimental data.
Yields of ssion fragments with neutron number N corresponding to the different ssion channels can be obtained from the expressions:
where E o is the excitation energy above the macroscopic potential at symmetry (N CN =2) and Y mac stands for the symmetric c hannel and Y sh i for one of the asymmetric channels. In Eq. (11), the contribution of the symmetric c hannel is subtracted in order to avoid double counting. The asymptotic level-density parameter is calculated asã = A=8.
The e ective excitation energies above the macroscopic potential (E mac ) and above the shell-corrected potential (E sh i ) to be inserted in equations (10) and (11) 
The factor is calculated asã=(0: Expanding expressions (10) and (11), we obtain in a rst approximation that the neutron-dependent statistical weight o f e a c h ssion channel can be expressed as a 
and the widths of these Gaussian functions are given by:
From this calculation we obtain three components of the mass distributions:
The rst is the macroscopic contribution which is symmetric and rather broad. Its width is given by the expression (19) . The eventual broadening of this component on the way from the ssion barrier to scission is neglected because the width calculated with the curvature of the potential at the ssion barrier was directly deduced from experimental mass-yield data. The second and third contributions are the asymmetric components in the vicinity o f N = 8 2 and N 88, respectively. Guided by experimental results 62], the widths (Eq. (20)) are assumed to be increased on the way from the ssion barrier to scission. The nal width is formulated in the following way: The neutron-to-proton ratio is assumed to be given by the unchanged charge density (UCD) of the ssioning nucleus. For the asymmetric c hannels, a polarization of j Z j = 0.5 is included to approximately reproduce the measured neutron-to-proton ratio 63, 64] .
where the di erent signs correspond to the light (+) and the heavy (;) fragment. The width in proton number for xed neutron number ZjN is calculated by using the following formula:
where the term o = 0 :4 is used to take i n to account the in uence of quantum uctuations 63] not considered in the statistical picture, and the curvature 2 C ZjN is calculated in a touching-sphere con guration for a symmetric split as: (26) and the energy dependence is obtained as:
p 0 E E l p exp ; E;E l T E > E l (27) where T = 1 MeV and E l = V B + 2 . V B is the height of the ssion saddle point and is the pairing gap calculated as = 12= p A CN .
The part of post-scission neutron emission due to the deformation of the ssion products and its evolution with the excitation energy was taken into account. The mean post-scission neutron number (A) due to deformation was obtained as a parametrization of data taken from reference 66] . Consecutive e v aporation from the excited ssion fragments is included, too. The excitation energy of the fragments is taken as the sum of the excitation energy above the barrier and the intrinsic excitation energy E dis on the way from the ssion barrier to scission. 
The nal excitation energy is attributed to the ssion fragments proportionally to their mass values. In the right c o l u m n w e observe a l s o t h e e v olution of the ssion components for di erent ssioning nuclei 69{71]. In order to improve the agreement w i t h the experimental data, the position of the deformed neutron shell N 88 was shifted between N = 8 6 a n d N = 90 when the mass of the ssioning nucleus decreases. In this case we obtain also a good description of the data with our calculation. In these calculations the structures caused by t h e t wo neutron shells included in the present description are clearly seen. We also observe t h e appearance of post-scission neutron emission at higher excitation energies.
In Fig.3 we compare our calculations with experimental charge distributions of two di erent n uclei taken from ref. 68, 72] . The general trends of these distributions are well reproduced, including the even-odd e ect.
Although the model is restricted to a few rather schematic features, it is able to describe many of the most prominent c haracteristics of measured ssionfragment mass and charge distributions. In particular, the variation of the strengths of the di erent ssion channels over a large region of nuclei (Ra{Pu) is reproduced, including the appearance of multi-modal ssion in pre-actinides. Fig. 4 . Root-mean-squared velocity of fragmentation (solid line) and ssion (dashed line) residues in the frame of the projectile, produced i n t h e r eaction U(1 A GeV)+Pb as a function of its mass.
Kinematical Description
The fragmentation process induces momentum uctuations in beam direction ( k ) and perpendicular to it ( ? ) c o m bined with an average longitudinal momentum shift (P k ). In the rest frame of the projectile, these quantities can be described by the empirical systematics proposed by Morrissey 73] as a function of the mass di erence ( A) b e t ween the projectile and the fragment: In Fig.5 we represent t h e e v olution of the root-mean-squared velocity of fragmentation (solid line) and ssion (dashed line) residues in the frame of the projectile, as a function of its mass. Note that the root-mean-squared velocities are essentially independent of the target material, since they primarily result from the Fermi momentum of the nucleons in the case of fragmentation and from Coulomb repulsion of the ssion fragments in the case of ssion.
Results and Discussion
A complete calculation with this model allows us to predict the complex nuclide distribution resulting from peripheral relativistic heavy-ion collisions. In order to illustrate the di erent reaction mechanisms c o n tributing to these distributions we h a ve performed calculations with a uranium projectile at 1A GeV with di erent targets.
In Fig.5 we r e p o r t o n a c hart of nuclides the isotopic distributions of all the residues produced in the reactions 238 U(1 A GeV)+Pb (upper part) and 238 U(1 A GeV)+Be (lower part). In these pictures, the color scale and the size of the clusters give the production cross section of each isotope. In both cases we observe the production of very neutron-rich isotopes by means of the asymmetric ssion of the projectile. As we explained in section 2.2, this asymmetric ssion is produced by the electromagnetic excitation of the projectile at large impact parameters without nuclear contact. This Coulomb excitation is proportional to the squared charge of the target, which explains the higher production cross sections for this process that we obtain with the lead target if compared to the beryllium target. Coulomb excitation also leads to high abundances of the one-and two-neutron-removal channels. In very peripheral reactions, a low excited projectile spectator is produced which deexcites by means of the competition between neutron or proton evaporation and ssion. The value of the nuclear viscosity de nes the ratio between particle evaporation and ssion, especially at excitation energies larger than 100 MeV, as shown in reference 25]. All the isotopes close to the projectile in charge and mass are populated by the neutron or proton evaporation channel. The higher excitation energies involved in these reactions lead to symmetric ssion as can be observed in both pictures.
At l o wer impact parameter, the size of the projectile spectator decreases and its excitation energy increases. Under these conditions, the deexcitation mechanism is dominated by the emission of light particles. The neutron excess of the projectile and the Coulomb barrier produce a shift to the neutronde cient isotopes on the chart of the nuclides. At higher excitation energies, the evaporation of intermediate-mass fragments plays a not negligible role. In this way, the evaporation-residue corridor is populated. comparable with both targets. In the ssion region (30 Z 60), the increase of the electromagnetic excitation with the charge of the target induces a larger production of asymmetric ssion residues with the lead target. The region of lighter residues is also very di erently populated with both targets. In fact, within our model the amount of energy dissipated in the reaction depends on the size of the partners and the impact parameter, this explains that this charge interval (Z < 30) corresponds to strongly dissipative reactions leading to very high excitation energies which are easily attained with a heavy target (Pb) rather than with a light one (Be). The increase of the production cross sections of very light fragments (Z < 10) is a consequence of the evaporation process. Once more the higher excitation energies attained with the lead target explain the more abundant i n termediate-mass fragment emission with this target.
The predictions of the present model closely compare to experimental results on production cross sections in reactions with relativistic 238 U projectiles obtained in recent experiments 16,75{77] . A quantitative comparison with a detailed discussion of these data will be performed elsewhere.
One of the main interests of this kind of calculations is its predictive p o wer for the production of exotic nuclei. Reactions with heavy ions at relativistic energies allow to produce neutron-rich or neutron-de cient isotopes by means of ssion or fragmentation reactions, respectively. T h e n uclei with predicted production cross sections exceeding 1 b reach the limits of known isotopes in many cases. Especially for heavy elements which are not produced by ssion, it seems to be possible to reach a n umber of new isotopes on both extremes, the neutron-rich and the neutron-de cient side, by fragmentation reactions. For elements up to about xenon the production yields extend into the region of isotopes which a r e i n volved in the stellar r-process of nucleosynthesis. Thus, new results on relevant d e c a y properties of these nuclei are expected from future secondary-beam experiments.
In the region of neutron-rich ssion fragments, a considerable e ort has been made to extend the limits of known isotopes 78]. Here the most neutron-rich isotopes have been produced in the reaction 238 U+Be at 750 A MeV with cross sections around 1 nb. This is in agreement with extrapolations of the present calculation.
The choice of the projectile and the target will de ne the nal production yield of each isotope. In order to illustrate these e ects, in Fig.7 we compare the production cross section of nickel isotopes obtained with a uranium beam at 1 A GeV and two di erent targets, beryllium and lead. As we discussed before, the neutron-de cient isotopes are mainly populated by fragmentation reactions with a lead target. In contrast, neutron-rich isotopes are produced in ssion reactions. In this case, the nickel isotopes are mainly populated by nuclear ssion reactions rather than by electromagnetic ssion in fact we observe nearly the same production cross section with both targets. In this case the nal production yields will be determined by the number of atoms in the target. 4 
Conclusion
The description of the fragmentation of ssile nuclei requires to consider many di erent processes. Large impact parameters without nuclear contact lead to electromagnetic excitations with cross sections depending on the charge of the reaction partner. Electromagnetic excitations lead to a loss of a few neutrons or to low-energy ssion. With decreasing impact parameter, the nuclei come into contact, and the violence of the collision increases gradually, leading to increasing loss of nucleons and growing excitation energies. Mostly neutronde cient fragmentation products and fragments of hot ssion are resulting from these reactions. In addition, neutrons, protons and intermediate-mass fragments are formed due to the high excitation energies induced in the nuclear collision.
In the present w ork, a semiempirical model for the ssion process has been developed which c o vers a broad range in nuclear composition and excitation energy of the ssioning system. By combining this model with several approaches available in literature for the other processes involved, a complete description of the fragmentation process of ssile nuclei could be obtained.
Corresponding to the di erent reaction mechanisms i n volved, the products have v ery di erent recoil velocities, ranging from the very low v alues of electromagnetic dissociation products over the recoil of the fragmentation products given by the Fermi momentum of the abraded particles to the kinetic energies of the ssion fragments given by the Coulomb repulsion and the high velocities of the emitted nucleons and light n uclei.
Thus, any t e c hnical application of the fragmentation involving ssile nuclei has to face a complex situation where di erent elements and even di erent isotopes of the same element m a y be produced with very di erent c haracteristics.
These characteristics are relevant for the intensities of secondary beams either due to their formation cross sections or due to their kinematic properties. Another important implication is the production of speci c elements or isotopes in hybrid reactors. Besides the yields of gaseous elements and isotopes with speci c radioactive properties, here the recoil velocities are particularly important for possible radiation damages.
